Six isolates recovered from coffee seeds giving off a potato-like flavour were studied. Gene sequencing (rrs and rpoB) showed they belong to the genus Pantoea. By DNA-DNA hybridization, the isolates constituted a genomic species with less than 17 % relatedness to 96 strains representing enterobacterial species. Multilocus sequence analysis (gyrB, rpoB, atpD and infB genes) showed the isolates to represent a discrete species of the genus Pantoea. Nutritional versatility of the novel species was poor. The novel species is proposed as Pantoea coffeiphila sp. nov. and its type strain is Ca04 T (5CIP 110718 T 5DSM 28482 T ).
Guyot, CIRAD, unpublished report on a mission to Burundi, 18-27 May 1992) . Since then, more strains have been isolated and found to represent a novel species of the genus Pantoea. The purpose of the present paper is to describe this species as Pantoea coffeiphila sp. nov.
In Burundi, there are over a hundred stations where coffee seeds are washed and dried. A local inspector devoted himself to the detection of potato-smelling seeds, which were then brought to the Institute Pasteur in Paris where potato-smelling bacteria were isolated. Among these isolates, six were thoroughly studied by phenotypic tests and DNA pairing: Ca01, Ca02 (5CIP 110759), Ca03, Ca04
T (5CIP 110718 T 5DSM 28482 T ), Ca05 (5CIP 110760) and Ca08 (5CIP 110761). The four isolates deposited in a culture collection were also studied by gene sequencing. Strains were grown on tryptocasein soy agar (Bio-Rad) at 30 u C.
For gene sequencing, strains were cultured on tryptocasein soy agar at 30 u C. DNA was extracted and purified with a Wizard Genomic DNA Purification kit (Promega).
Using universal primers, 1.5 kb of the rrs gene (encoding 16S rRNA) was amplified by PCR (Janvier et al., 1995) . The amplified product was sequenced by Beckman Coulter Genomics (Tekeley, UK) with three primers, E, rE and D, which are located in conserved regions of the Escherichia coli rrs gene. Primer E corresponded to positions 787-806, primer rE was complementary to primer E and primer D corresponded to positions 519-536 (numbering according to Brosius et al., 1978) . Sequences from 1319 to 1479 bp in length were obtained.
PCR amplification of the rpoB gene (encoding RNA polymerase beta subunit) was performed with primers VIC4 and VIC6 as published previously (Tayeb et al., 2008) . The amplified portion was 1076 nt long. PCR products were sent to Beckman Coulter Genomics where the sequences were determined. Sequences of 967 to 975 bp in length were obtained.
PCR amplification and sequencing of the gyrB, atpD and infB genes (encoding DNA gyrase, ATP synthase betasubunit and initiation translation factor 2, respectively) were performed as described by Brady et al. (2008) .
A total of 20 sequences for each gene (rrs, gyrB, rpoB, atpD and infB) used to determine the phylogenetic positioning of Pantoea coffeiphila sp. nov. strains among species of the genus Pantoea were retrieved from the GenBank database. The accession numbers of the sequences used in this study are listed in all figures.
Partial gene sequences (rrs, about 1403 bp; gyrB, 742 bp; rpoB, 637 bp; atpD, 657 bp; and infB, 615 bp) were aligned for each gene using the CLUSTAL X algorithm (Higgins & Sharp, 1988 and ftp://ftp.ebi.ac.uk/pub/software/clustalw2). Some sequences had to be trimmed (gyrB to 590 bp and rpoB to 635 bp) and phylogenetic trees were reconstructed with the neighbour-joining method (Saitou & Nei, 1987) . Bootstrap analysis with 1000 replicates was performed to assess the reliability of tree branching.
The neighbour-joining tree derived from rrs gene sequences ( Fig. 1) showed Pantoea coffeiphila sp. nov. strains to constitute a branch within the genus Pantoea. It should be noted that rrs gene sequences are not very discriminant within the family Enterobacteriaceae and the phylogenetic distance between Pantoea coffeiphila sp. nov. and Pantoea dispersa, which seemed closest, was less than 1 % nucleotide substitution.
The neighbour-joining trees derived from gyrB (Fig. S1 , available in the online Supplementary Material), rpoB ( Fig.   S2 ), atpD (Fig. S3) and infB (Fig. S4 ) sequences showed Pantoea coffeiphila sp. nov. strains to represent a discrete species within the genus Pantoea. In the gyrB tree, the species closest to Pantoea coffeiphila sp. nov. were Pantoea rodasii (distance 0.1251), Pantoea septica (0.1271) and Pantoea rwandensis (0.1292). In the rpoB tree, these were Pantoea septica (0.0882) and Pantoea gaviniae (0.1079). In the atpD tree, these were Pantoea cypripedii (0.1043 to 0.1061), Pantoea septica, Pantoea allii and Pantoea dispersa (0.1061 to 0.1079). In the infB tree, these were Pantoea cypripedii (0.1196) and Pantoea wallisii (0.1254).
Aligned sequences of gyrB, rpoB, atpD and infB were concatenated for multi-locus sequence analysis (MLSA). A neighbour-joining tree with bootstrap (1000 replicates) was obtained ( Fig. S5 ) as well as a maximum-likelihood tree using PhyML (Fig. 2 ). Gene concatenation with bootstrap for MLSA has become an established procedure in phylogenetic studies. However, results have been shown to be misleading (Seo, 2008) . Bootstrap for individual genes (neighbour-joining), averaging distance matrices and bootstrap on the gene set were shown to be more accurate (Seo, 2008) . Since our MLSA included only four genes, resampling of genes would have no meaning and we preferred the following robust presentation. An average distance matrix was obtained from the four distance matrices (gyrB, rpoB, atpD, infB) and a neighbour-joining tree was built. Clusters with bootstrap values above 70 % in all four gene trees are indicated by thick lines in Fig. 3 . These are the Pantoea rodasii-Pantoea rwandensis cluster (bootstrap 92 to 99 %), the Pantoea calida-Pantoea gaviniae cluster (bootstrap 100 %) and the Pantoea coffeiphila sp. nov. branch (bootstrap 100 %). In this tree, strains of Pantoea coffeiphila sp. nov. showed intra-species distances of 0.0000 to 0.0012 (mean 0.0003). Species closest to Pantoea coffeiphila sp. nov. were Pantoea septica (distance 0.1141 to 0.1146) and Pantoea dispersa (0.1246 to 0.1251). An unrooted neighbour-joining tree (Fig. S6) shows why minor distance variations result in different rooted trees. Pantoea coffeiphila sp. nov. appears as the most clearly separated species within the genus Pantoea.
DNA-DNA hybridization was applied to six isolates of Pantoea coffeiphila sp. nov. and 94 strains representing all DNA hybridization groups known in 1996.
DNA was extracted according to the method of Brenner et al. (1982) . In vitro labelling of the DNA of strain Ca01 with tritium-labelled nucleotides was performed by the random primer method and hybridization was carried out at 60 u C by the S1 nuclease-trichloroacetic acid method (Grimont et al., 1980) with adsorption of S1-resistant DNA onto nitrocellulose filters (Sartorius). The temperature at which 50 % of the reassociated DNA became hydrolysable by S1 nuclease (T m ) was determined by the method of Crosa et al. (1973) . The difference (DT m ) between the T m of the homoduplex (in the homologous reaction) and the T m of a heteroduplex (in a heterologous reaction) is an estimate of divergence between two DNAs.
The six Pantoea coffeiphila sp. nov. strains studied were 79 to 100 % related to strain Ca01 by DNA hybridization. Thermal stability determined on Ca01-Ca03 reassociated molecules showed no drop in T m . DNA relatedness between strain Ca01 and 94 strains representing DNA groups of the family Enterobacteriaceae extended from 1 to 17 %. The most closely related species was Pantoea septica with only 17 % DNA relatedness (Table S1 ).
Following current criteria (Wayne et al., 1987) , Pantoea coffeiphila is a novel species of the family Enterobacteriaceae.
Physiological and biochemical tests were performed on Pantoea coffeiphila sp. nov. isolates using API 20E, API 50CH and Biotype-100 strips (bioMérieux) and other tests 
Pantoea eucalypti LMG 24197 T (EF988762, EF988934, EF988675, EF988848)
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Pantoea ananatis LMG 2665 T (EF988824, EF988996, EF988737, EF988910) Pantoea allii BD 390 T (EF988783, EF988955, EF988696, EF988869)
Pantoea stewartii LMG 2715 T (EF988831, EF989003, EF988744, EF988917)
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Tatumella terrea LMG 22051 T (EF988804, EF988976, EF988717, EF988890) Fig. 3 . Neighbour-joining tree based on a distance matrix resulting from averaging four distance matrices (corresponding to gyrB, rpoB, atpD and infB). Clusters for which bootstraps were over 70 % are indicated with thick lines. The scale bar indicates average distance.
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On: Thu, 22 Dec 2016 20:36:01 described previously (Grimont et al., 1988) . D-Glucose oxidation tests have been described previously (Bouvet et al., 1989) . Data for other species of the genus Pantoea (or former Enterobacter agglomerans DNA groups) were taken from Grimont & Grimont (2005) , Brenner et al. (1984) , Brady et al. (2009 Brady et al. ( , 2010b Brady et al. ( , 2011 Brady et al. ( , 2012 , Mergaert et al. (1993) and Popp et al. (2010) .
Differential characters among species of the genus Pantoea are shown in Table 1 . Pantoea coffeiphila sp. nov. gave fewer positive results and utilized fewer carbon sources than the other species of the genus Pantoea. The positive feature that discriminated Pantoea coffeiphila sp. nov. clearly from other species of the genus Pantoea was production of a potato-like odour.
The isolates recovered from smelly coffee seeds constituted a Pantoea cluster in trees based on rrs, gyrB, rpoB, atpD and infB gene sequences, either studied separately or as MLSA (for the last four genes), and a clearly individualized DNA hybridization group within the family Enterobacteriaceae. Therefore, these isolates represent a novel species of the genus Pantoea. Strains of this novel species gave off a strong potato-like odour and showed a low biochemical Potato odour + 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Indole produced 2 2 2 2 2 2 2 2 2 2 + + + 2 2 2 2 2 Phenylalanine deaminase
Adonitol 2 2 2 2 2 2 2 2 2 2 2 + 2 2 2 2 + + 2 Straight rods, 0.5-1.361.0-3.0 mm. Non-encapsulated. Non-spore-forming. Motile by means of peritrichous flagella. Gram-stain-negative. Colonies on nutrient agar are smooth, translucent and convex with entire margins, about 1 mm (24 h) and 2 mm (48 h) in diameter. Colonies are pale yellow. Gives off a strong potato-like odour due to production of 2-isopropyl-3-methoxypyrazine. Facultatively anaerobic. Grows between 10 and 37 u C with optimal growth between 20 and 30 u C. Growth occurs in peptone water with 0 to 3.6 % (w/v) NaCl; some strains grow with up to 5.2 % NaCl (weaker growth). Growth occurs at pH 4.5 to 11 (optimum between pH 7 and 9). No growth in M70 minimal medium-glucose unless supplemented with at least three growth factors, nicotinic acid, arginine and glycine. 
